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INTRODUCTION
The Commission on Atomic Weights and Isotopic Abundances met under the chairmanship of Professor L. Schultz from 24 to 26 August 1997, during the 39th IUPAC General Assembly in Geneva, Switzerland. The Commission decided to publish the report`Atomic Weights of the Elements 1997' as presented here and the report`Isotopic Compositions of the Elements 1997' [1] .
The Commission has reviewed the literature over the previous two years since the last report on atomic weights and evaluated the published data on atomic weights and isotopic compositions on an element-by-element basis. The atomic weight, A r (E), of element E can be determined from a knowledge of the isotopic abundances and corresponding atomic masses of the nuclides of that element [2] . The last compilations of the isotopic abundances and atomic masses with all relevant data were published in 1998 [1] . The Commission periodically reviews the history of the atomic weight of each element emphasizing the relevant published scienti®c evidence on which decisions have been made [3] . The biennial review of atomic weight determinations, A r (E), and other cognate data has warranted no changes for the standard atomic weights of the elements from that previously published in the Table of Atomic Weights 1995 [4] with the exception of a new footnote for lithium.
COMMENTS ON SOME ATOMIC WEIGHTS AND FOOTNOTES Lithium
The Commission has changed the footnote for lithium in the Table of Atomic Weights to:`Commercially available Li materials have atomic weights that are known to range from 6.939 to 6.996; if a more accurate value is required, it must be determined for the speci®c material'. The increase in the range of atomic weights is based on a published report [5] which evaluated the variation in isotopic abundance of commercially available lithium reagents and documented an extreme range in isotopic variations and consequent effects on atomic weights. The Commission felt that the modi®cation of the footnote was warranted to warn users that isotopically anomalous commercial lithium reagents were available whose atomic weights fell well outside the implied range of the atomic weight for lithium.
Transfermium elements
The IUPAC Commission on Nomenclature of Inorganic Chemistry (CNIC) has revised their recommendations for the names and symbols of the transfermium elements (atomic numbers 101±109 inclusive) and these recommendations have been adopted [6] . All atomic weight tables have been modi®ed to re¯ect this new nomenclature.
Element 112 (Ununbiium)
A new element with atomic number 112 has been synthesized and unambiguously identi®ed [7] by an international group of researchers at the Gesellschaft fu Èr Schwerionenforschung, Darmstadt, Germany. As an of®cial name has not yet been adopted, the systematic name and symbol (Ununbiium, Uub, respectively) as speci®ed by the CNIC, have been used in the following Tables of Atomic Weights.   THE TABLE OF STANDARD ATOMIC WEIGHTS 1997 Following past practice, the Table of Standard Atomic Weights 1997 is presented both in alphabetical order by names in English of the elements (Table 1 ) and in order of atomic numbers (Table 2) . 12 C is a neutral atom in its nuclear and electronic ground state). The atomic weights of many elements are not invariant but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last signi®cant ®gure to which they are attributed) apply to elements of natural terrestrial origin. The footnotes to this The atomic weights reported in Tables 1 and 2 are for atoms in their electronic and nuclear ground states. The uni®ed atomic mass unit (u) is equal to 1/12 of the rest mass of the neutral atom of 12 C in its nuclear and electronic ground state.
The Commission wishes to emphasize the need for new precise calibrated isotopic composition measurements in order to improve the accuracy of the atomic weights of a number of elements which are still not known to a satisfactory level of accuracy.
The names and symbols for the elements with atomic numbers 110, 111 and 112 referred to in the tables are systematic and based on the atomic numbers of the elements recommended for temporary use by the CNIC [8] . The names are composed of the following roots representing each digit of the atomic number:
1 un, 2 bi, 3 tri, 4 quad, 5 pent, 6 hex, 7 sept, 8 oct, 9 enn, 0 nil.
The ending`ium' is then added to these three roots. The three-letter symbols are derived from the ®rst letter of the corresponding roots.
For atomic weight values, the uncertainties are routinely called`expanded uncertainties' with the symbol U in italic font. The symbol U(A r (E)) is an acceptable alternative to U. In past reports, the Commission has referred to relative uncertainty which is the magnitude of the uncertainty divided by Table 3 with the appropriate relative atomic mass and half-life. However, three such elements (Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these an atomic weight is tabulated. Commercially available Li materials have atomic weights that are known to range between 6.939 and 6.996; if a more accurate value is required, it must be determined for the speci®c material. g: Geological specimens are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such specimens and that given in the Table may exceed the stated uncertainty. m: Modi®ed isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the Table can occur. r: Range in isotopic composition of normal terrestrial material prevents a more precise A r (E) being given; the tabulated A r (E) value should be applicable to any normal material. 12 C is a neutral atom in its nuclear and electronic ground state). The atomic weights of many elements are not invariant but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last signi®cant ®gure to which they are attributed) apply to elements of natural terrestrial origin. The footnotes to this A r (E). Therefore, relative expanded uncertainty is indicated as U/A r (E) or alternatively as U(A r (E))/ A r (E). 
RELATIVE ATOMIC MASSES AND HALF-LIVES OF SELECTED RADIONUCLIDES
The Commission on Atomic Weights and Isotopic Abundances, as in previous years, publishes a table of relative atomic masses and half-lives of selected radionuclides for elements without a stable nuclide (see Table 3 ). As the Commission has no prime responsibility for the dissemination of such values, it has neither attempted to record the best precision possible nor to make its tabulation comprehensive. There is no general agreement on which of the isotopes of the radioactive elements is, or is likely to be judged, important'. Various criteria such as`longest half-life',`production in quantity',`used commercially', etc., have been applied in the Commission's choice. The relative atomic masses are derived from the atomic masses (in u) recommended by Audi & Wapstra [2] . The half-lives listed are those provided by Holden [9±11] .
NONTERRESTRIAL DATA Introduction
The isotopic abundance of elements in nonterrestrial samples within the solar system can be obtained by the analysis of meteorites and interplanetary materials. Furthermore, the use of spacecraft and groundbased astronomical observatories has extended isotopic measurements from our solar system to stellar matter. Such developments have rapidly increased the number of nonterrestrial isotopic composition data in recent years. Table 3 with the appropriate relative atomic mass and half-life. However, three such elements (Th, Pa and U) do have a characteristic terrestrial isotopic composition, and for these an atomic weight is tabulated. Commercially available Li materials have atomic weights that are known to range between 6.939 and 6.996; if a more accurate value is required, it must be determined for the speci®c material. g: Geological specimens are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such specimens and that given in the Table may exceed the stated uncertainty. m: Modi®ed isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the Table can occur. r: Range in isotopic composition of normal terrestrial material prevents a more precise A r (E) being given; the tabulated A r (E) value should be applicable to any normal material.
As a consequence of this effort at analyzing nonterrestrial materials, it is now well established that many elements in nonterrestrial materials have isotopic compositions different from those in terrestrial samples. While most reported isotopic anomalies are small, some variations are quite large and greatly exceed the range observed in terrestrial materials. For this reason, scientists dealing with chemical analyses of nonterrestrial samples should exercise caution when selecting an isotopic composition or an atomic weight for an element from a nonterrestrial sample.
Processes capable of altering isotopic abundances in nonterrestrial samples
The following processes can cause the isotopic variations observed in extra-terrestrial materials:
(i) Mass Fractionation. While mass dependent fractionation has been observed in many terrestrial samples, its effects are generally larger in nonterrestrial samples. Mass fractionation in nonterrestrial samples is primarily due to volatilization or condensation that occurred at an early stage of the formation of our solar system. In some cases, mass fractionation may have occurred at a later period of solar system evolution, the result of chemical processes such as the formation of organic compounds.
(ii) Nuclear Reactions. Nuclear reactions triggered by cosmic rays can alter the isotopic composition of both nonterrestrial and terrestrial materials. Its signi®cance in terrestrial samples is normally trivial because of effective shielding against cosmic rays. Extraterrestrial materials, on the other hand, have no shielding and consequently show pronounced effects from solar and galactic cosmic ray bombardment.
(iii) Radioactive Decay.
While radioactive decay is also not limited to nonterrestrial samples, its effects are revealed by both the degree of change in isotopic abundances and in the variety of radionuclides. Enrichment in decay products is the most common effect. This enrichment is caused by long-lived radioactive nuclides whose half-lives are comparable to the age of the solar system (4.56´10 9 years). Such radionuclides are commonly used for geochronology and cosmochronology.
The next most commonly observed effects are due to extinct radionuclides. These are radionuclides with short half-lives that were once present in the solar system and have completely decayed away. All that remains are their decay products. The half-lives of such radionuclides give a measure of the period from the effective end of nucleosynthesis to the isolation of solar system materials from the surrounding gas (formation interval).
Some minor effects have also been observed in nonterrestrial samples, such as those caused by double b-decay of long-lived radionuclides and nuclear ®ssion (both spontaneous and neutron-induced).
(iv) Nucleosynthesis. The most signi®cant isotopic effects observed in materials such as meteorites are due to nucleosynthesis. Before secondary ion mass spectrometry (SIMS) measurements became available, nucleosynthetic isotopic effects had been documented in only a few peculiar mineral separates taken from meteorites. Quite a few elements within these minerals showed isotopic abundance anomalies best explained by nucleosynthetic processes during a supernova event. In particular, light elements such , AVCC average carbonaceous chondrites) . The solid trend lines show the direction of expected isotopic changes from a given process. The origin of the isotopic signature of xenon from meteoritic samples (represented by open circles) suggests an admixture of nuclear reactions (including both spallation reactions caused by cosmic-rays and ®ssion reactions) and mass fractionation. Data collected from carbonaceous chondrites suggest the presence of another Xe component that can not be explained by any of the above processes [13] .
The isotopic composition of oxygen in the planetary bodies of our solar system is also not uniform. Different meteorite classes have their own characteristic isotopic compositions, suggesting that oxygen isotopes were not homogeneously distributed when the solar system formed. Some examples of measurements of isotopic compositions of oxygen in solar system bodies as well as astronomical objects and other matter are listed in Table 4 . For comparison, values for the best measurement of representative terrestrial materials (VSMOW, a reference water) are listed as well as the representative isotopic composition from which the atomic weight of oxygen is calculated.
The commission does not attempt to systematically review the literature on the isotopic compositions of nonterrestrial materials in this report. Those who are interested in a more comprehensive review, including speci®c data and additional references, should refer to Shima [14] and Shima & Ebihara [15] . A more detailed report of isotopic measurements published during the last decade is in preparation. 
OTHER PROJECTS OF THE COMMISSION
A working party was formed under the direction of J. de Laeter that will begin an element by element review of the atomic weights. The last review took place over a decade ago and, in view of the changes that have occurred to the atomic weights, it is now due for re-examination. The working party expects to have a preliminary draft of this major review available by 1999, for the next General Assembly. 
